A substantial source of food waste occurs when consumers and sellers dispose of expired food despite it being safe to eat. We conduct an incentive-compatible, non-hypothetical laboratory choice experiment in which 150 participants choose between food products of varying perishability level at various dates before or after their best-before dates. In one treatment, participants received information about the interpretation of food date labels. In another they received this information plus additional information on food waste due to date label confusion and its environmental impacts. We find that clarifying the meaning of date labels is insufficient to change preferences for food past its best-before date, but when a link between date labels, food waste, and its environmental impacts is made, participants' willingness-to-pay for expired food increases, particularly for expired frozen or recently expired semi-perishable products. Our findings have implications for food waste reduction efforts because increasing the value of expired food increases the opportunity cost of wasting expired but consumable food.
Introduction
Food waste is an issue that has received increased attention in many academic disciplines, as well as in the popular media, given the social, environmental, and economic challenges it presents to the sustainable management of food. While no universal definition has been agreed on, food waste, a part of food loss, can be defined as food that is discarded despite being suitable for human consumption, which may [1] [2] [3] or may not [4, 5] include food recovered for productive nonfood use. Food waste reduction strategies could potentially contribute to sustainable development by aiding food recovery and redistribution efforts, conserving natural resources, and saving businesses and consumers money [6] .
A major source of food waste in developed countries is the discarding by the consumer or food seller of foods that are perceived by the consumer to be relatively undesirable compared to other foods of similar consumption suitability, including foods close to, at, or beyond their 'best-before' date labels [7] [8] [9] [10] [11] . Best-before date labels, however, are not related to food safety but are used by food manufacturers to indicate peak quality. Even after the best-before date has passed, a product should be safe to consume, and be wholesome and of good quality if handled properly [12] . In the United States, except for specific milk products and canned foods, date labeling of foods by food manufacturers is generally not required by federal law and requirements may vary at the state level [13] . Instead, food manufacturers determine whether to place a label and which label is placed. Many studies report that consumers worldwide are mostly confused and uneducated on the meaning of date labels [7, [13] [14] [15] [16] [17] . In the United States, this confusion accounts for 20% of consumer food waste and leads U.S. consumers to spend $29 billion annually on wasted food [18] . In Europe, it has been estimated that up to 8.8 million tons of food are wasted annually in the European Union due to date labeling [3] . Consumer misperceptions on the meaning of date labels cause household food waste and also feed back into the decisions of food sellers, who typically remove food products from their shelves two to three days before the expiration date [19] . The result is that date label confusion leads to food waste at both the consumer and retailer levels. As a potential action to alleviate consumer-related food waste, the literature calls for consumer education on food dating and for experiments and interventions that identify effective messaging strategies, that examine viral approaches, and that target consumer perceptions of sub-optimal foods [7, 17] . Our study answers this call.
We use an incentive-compatible non-hypothetical laboratory choice experiment to examine whether and how consumer knowledge about the meaning of food date labels affects consumers' willingness-to-pay for food beyond its best-before date (which we refer to as being 'expired'). Moreover, using results from an FAO report [20] which assessed the extent of environmental damages from food waste including carbon footprint, use of blue water, land use, and biodiversity effects, we investigate whether and how information about the environmental impacts of food waste affects consumer value for expired products.
Date Labeling Literature
One vein of the date labeling literature [10, 13, 14] examines how different types of food date labels (e.g., best by, use by, sell by) are used by manufacturers and retailers, and how consumers interpret them (another vein of food waste literature examines the optimal level of food waste from an economics standpoint [21, 22] ). The general finding is that there is very little consistency both in how they are used and in how they are interpreted. Other related studies examine how date labels affect consumer perceptions of and value for food products. In a study conducted by Wansink and Wright in 2006, they found that labels that indicate freshness (i.e., 'best if used by') affect consumer perceptions of the freshness and healthfulness of food but not of the safety or risk of food consumption [23] . In 2005, Tsiros and Heilman conducted a hypothetical survey with an open-ended willingness-to-pay question examining how willingness-to-pay changes as a product's expiration date approaches, and naturally found that willingness-to-pay decreases (at varying rates depending upon the product) with time [24] . In 2017, Wilson et al. conducted an incentive-compatible experimental auction in which participants bid over products of increasing perishability which had different times until their expiration dates and used different language in the date labels. They calculated a willingness-to-waste measure-the portion of willingness-to-pay expected to go to unconsumed food-and found that willingness-to-waste was greatest for the 'use by' label relative to 'fresh by', 'best by' and 'sell by' labels, with their results also depending on shelf life [11] . Notably, neither Tsiros and Heilman nor Wilson et al. calculated willingness-to-pay or willingness-to-waste for items beyond their expiration dates or looked at the effects of information treatments which might be directed towards consumer education or marketing campaigns. Most recently, Qi and Roe looked at the effects of two information treatments on plate food waste in a dining experiment setting. They found that providing information on the negative effects of food waste in landfills reduced the amount of food left on the plates by diners, whereas the amount of wasted food was greater if diners were also told that the remaining plate food waste would be composted. Their experiment did not look at willingness-to-pay estimates, date labeling, or retail food products, but provides evidence that under certain circumstances, information treatments designed to mitigate food waste may work against each other [25] .
From these studies, we observe (i) that food date labels-both their wording and the dates themselves-affect perceived consumer value, and (ii) that information on the effects of food waste can affect food waste behaviors. However, no study has yet examined the effect of information on the impacts of food waste on consumer value for expired or nearly expired food products, a knowledge gap which our study addresses. Our study is the first food waste study to estimate willingness-to-pay for expired food products, providing a broader picture of how willingness-to-pay changes both as the expiration date approaches and after it has passed, and how this time path varies under treatments of differing consumer information about food waste. Understanding what type of information related to food waste increases consumer willingness-to-pay has implications for potential solutions both at the consumer level, because if value increases it becomes costlier to waste food, and at the retailer level, because there may now be additional incentives to keep expired or nearly expired foods on the shelves.
We primarily conclude that simply educating consumers on the meaning of food date labels does not affect consumer preferences for expired foods, but educating them on the link between food date labels, food waste, and the environmental impacts of food waste does increase willingness-to-pay for expired products, although the perishability of the product plays a role as well. These results provide evidence of a market failure (imperfect information), which, if addressed by policy-makers and/or profit-conscious food sellers, could have implications for reducing food waste.
Methodology

Data and Choice Experiment
The data were collected through an incentive-compatible, non-hypothetical laboratory choice experiment, and the context of our experiment was the purchasing of different food products. The university's Institutional Review Board approved this project as protocol 14-413 in April of 2015 (in accordance with the Declaration of Helsinki) and we conducted the experiment in November of 2015. Given that food is a private good (at the retail level, albeit perhaps not in a home with multiple people, where it might be considered common property) and that we used food items that could actually be produced, we were able to use a non-hypothetical choice experiment. Hypothetical choice experiments, in contrast, can sometimes suffer from hypothetical bias [26] , and are particularly ill-suited for new private goods [27] ; in our case, a product past its best-before date might be considered a 'new' product for many consumers, as it is still relatively rare for retailers to keep such items on the shelves (retailers may also not be allowed by regional/state law to sell certain expired food items. In Montana, for example, milk must bear a date of 12 days after pasteurization. After that date, retailers cannot sell nor donate it [28] ).
We conducted nine in-person sessions over two consecutive days in the experimental economics laboratory at the university campus. Each session lasted about 1 h and included between 16 and 18 participants, with a total of 150 participants. We recruited participants from the general (non-student) population through printed advertisements in the local newspaper, online advertisements on craigslist.com, and a university mailing list for faculty and staff, and we pre-screened them to be at least 18 years old and to have purchased similar food products within the past year. Given the capacity of the experimental lab, the first 18 people aged at least 18 years who signed up for a given time slot were accepted as participants. Before each session began, participants gave their written informed consent for inclusion in the study.
Lacking data on the population of individuals who had purchased similar food products within the last year, we compared demographic characteristics of the sample with U.S. Census data in Table 1 . Our sample is comparable to the state and national populations in terms of household size and, as in the state and national populations, most participants in our sample are female, not married, and have an income of less than $50,000. Despite our attempts to draw from the university staff and the general pool of residents near the university, however, our sample almost certainly has a high number of student participants, explaining why our sample is younger, more educated, less likely to be married, and has lower income than the state and national populations. That our sample contains a higher percentage of females (64.7%) is likely in line with our target population of purchasers of similar food products as it has been reported that females are more likely to be the primary grocery shoppers in a household [29] . Indeed, most participants in our sample are the primary grocery shopper in their household (83.3%). The choice experiment attributes and their levels are shown in Table 2 . Product type refers to the five food products (and their quantities) that participants had the opportunity to purchase in the experiment, which were chosen to represent a variety of blueberry-based food product types and perishability levels subject to the feasibility of those products being produced by the university's Pilot Food Processing Laboratory. Following Newsome et al. [14] , the food products were selected to represent perishable foods-those with a shelf life of days to several weeks, such as muffins with no food preservatives; semi-perishable foods-those with an extended life as a result of a processing or preservation method, such as juices and preserves; and frozen foods-those which if properly stored at approximately 0 • F (−17.8 • C) have a shelf life of 6 months to 1.5 years, such as ice cream and frozen berries.
Production method describes whether the food products contained USDA-certified organic blueberries as an ingredient. In the choice sets, products made with organic berries had a special label indicating that they were either 'made with USDA-certified organic blueberries' in the case of processed food products or contained 'USDA-certified organic blueberries' in the case of frozen fruit. Products made with traditional (non-organic) blueberries contained no label about the organic status of the berries, just as would be the case for consumers in a retail setting. The 'best-before' date attribute indicates whether a best-before date label was placed on the product, and if so, whether the best-before date printed on the label corresponded to 9 days or 1 day before the experiment was held (expired products), or to 7 or 15 days after the experiment was held (unexpired products). For example, the first day of the study was scheduled on a specific day (16 November) , and the date printed on the labels for this day could have indicated that the product was either 9 days past expiration (7 November), 1 [23] , helped ensure that the attribute levels were balanced (8 days apart), yet salient enough to consumers. Price levels were also balanced and varied from $0.79 to $3.59 in $0.70 increments. The experimental design was programmed in Ngene targeting D-efficiency (minimizing D-error). The final design was a fractional factorial design consisting of 10 choice sets, all seen by each individual, and yielded a D-error of~1.3 and an S-estimate [30] of~38, which provides a lower bound on the sample size necessary to yield significant parameter estimates for each parameter. The design specified the product types, production method, and date labels as binary variables and the price variable as continuous. For a conditional logit design, the priors-based on researcher expectations about preferences-were (2, 1.5, 1, 0.5) for product types juice, ice cream, muffins, and preserves, respectively; a prior of 1 for the organic dummy; and priors of (2, 1, −1, −3) for best-before dates of 15 days and 7 days after the experiment and 1 day and 9 days before the experiment, respectively. This conditional logit 'main-effects' model is presented in Table S1 , but we focus our discussion on a model containing interactions between expiration dates and perishability, which accounts for the influence of perishability on preferences for expired food and yields significant effects of interest. The resulting S-estimate of 38 indicates that we would need 38 choice observations on each of the 10 choice questions, or 380 observations total, to yield significant coefficients given correct priors (we had between 440 and 510 observations per treatment). In each of the 10 choice sets, a participant saw three food product alternatives and had the option to purchase one or none of the presented products. The no-purchase or status quo option was included to resemble a setting in which shoppers may evaluate the options but decide not to make a purchase.
Given the nature of the purchase scenario, two attribute-level constraints were added to the experimental design. First, a price was drawn from the lower end of the price distribution ($0.79 to $2.19) if the product was expired, from the upper end if unexpired (from $1.49 to $3.59), and from the entire distribution if no date label was specified (because other attributes such as product type and production method also varied, these restrictions on the prices for expired or unexpired products cannot be made purely on dominance grounds but were made based on researcher judgment). Second, given the high perishability of muffins without food preservatives, muffins could not have a best-before date of 15 days after the experiment.
Participants saw enlarged images of the actual products on a computer screen, and all the attribute information (best-before date, price, as well as product information and production method of the blueberries used as ingredients) were shown clearly in matrix format. An example choice set is provided in Table 3 . This example choice set was used on 16 November 2015, thus the actual best-before dates seen by participants on the screen were 15 November (expired 1 day), 23 November (expires in 7 days), and 1 December (expires in 15 days) for options 1, 2, and 3, correspondingly. Moreover, best-before date, and product and production method information were printed on labels placed on the actual products. Moreover, best-before date, and product and production method information were printed on labels placed on the actual products.
After the choice experiment, participants completed an online survey which elicited demographic information and, in particular: whether they believed they consciously act to protect or restore the environment more frequently than their friends and family members; the most they would be willing to pay to participate in a gamble in which they earn $0 or $100 based on a coin flip (our measure of risk love); and whether they often or always check expiration dates in stores for at least 4 of the 5 types of products used in the experiment. They then exited the experimental laboratory. Because the experiment was non-hypothetical, each participant selected a binding choice set by rolling a 10-sided die. If the participant made a purchase in the binding choice set, she or he paid the price specified, which was deducted from the monetary endowment (of $35), and took home the food product. This process was explained to participants before the experiment began, so that they knew before participating how their actions would affect their experiment earnings. Furthermore, to minimize the effect of researcher observation on participant choices, it was explained that choices were linked to participants only through a randomly assigned number which, after redemption of their winnings, was destroyed by the participant. 
Treatments
The study contained two treatments and a control group designed to isolate the effect of information about food dating and information about the environmental effects of food waste on food purchase decisions. All ten choice sets were replicated in each of the three groups; however, in one treatment (LABELS), participants were educated about the meaning of different expiration date labels (Sell By, Best Before or Best By, and Use By) prior to the choice experiment-in particular that best-before dates (which was the label placed on the products) are not linked to food safety and that expired food is often still of high quality if handled and kept properly (food dating information shown to participants is provided in Appendix A). To ensure participant understanding, participants took part in a knowledge quiz immediately thereafter in which they were sequentially asked two questions about the information given and clarifying remarks appeared in the screen for any incorrect responses. In the second treatment (LABELS+ENV), participants were given the same information and follow-up knowledge questions on food date labels (overall, participants understood the information presented, with 90% of participants earning correct answers across the two questions), but were immediately thereafter also given information on the link between misperceptions about date labels and food waste and on the environmental impacts of food waste using information from an FAO report [20] prior to the choice experiment (information on the environmental impacts of food placed on the actual products.
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The study contained two treatments and a control group designed to isolate the effect of information about food dating and information about the environmental effects of food waste on food purchase decisions. All ten choice sets were replicated in each of the three groups; however, in one treatment (LABELS), participants were educated about the meaning of different expiration date labels (Sell By, Best Before or Best By, and Use By) prior to the choice experiment-in particular that best-before dates (which was the label placed on the products) are not linked to food safety and that expired food is often still of high quality if handled and kept properly (food dating information shown to participants is provided in Appendix A). To ensure participant understanding, participants took part in a knowledge quiz immediately thereafter in which they were sequentially asked two questions Sustainability 2018, 10, 3835 7 of 17 about the information given and clarifying remarks appeared in the screen for any incorrect responses. In the second treatment (LABELS+ENV), participants were given the same information and follow-up knowledge questions on food date labels (overall, participants understood the information presented, with 90% of participants earning correct answers across the two questions), but were immediately thereafter also given information on the link between misperceptions about date labels and food waste and on the environmental impacts of food waste using information from an FAO report [20] prior to the choice experiment (information on the environmental impacts of food waste shown to participants is provided in Appendix B). In the control group, neither of these educational interventions was made; all the same choice sets were used as in the two treatments, but with no discussion about the meaning of date labels or the environmental impacts of food waste prior to the participant answering the choice questions. Given existing literature and recent policy initiatives, we view addressing the misperceptions about date labels as central to any proposed food waste solution and therefore did not conduct a treatment which contained only the information on the environmental impacts of food waste but which did not discuss the meaning of date labels. Out of nine sessions conducted, three sessions were allocated to each group (control, LABELS, LABELS+ENV). In addition, out of 150 participants recruited, 52 were randomly assigned to control group sessions, 47 to LABELS sessions, and 51 to LABELS+ENV sessions. We omitted 6 'protest' participants who selected 'no purchase' for all choice sets. We also omitted 3 participants who did not report their income. Therefore, the total number of observations (number of participants times number of choice sets) used in the econometric models is 510 in control, 440 in LABELS, and 460 in LABELS+ENV. Furthermore, the sessions were alternated, and each treatment conducted during different times of day (morning, midday, afternoon) to account for the potential influence of the time of day on consumer preferences for food.
Econometric Model
The conceptual framework used in this study is random utility theory. A rational economic agent, i, facing choice set t, will choose among J mutually exclusive alternatives, each of which yields utility, U ijt :
where V is the deterministic portion of utility, X is a vector of attribute levels defining the alternatives, and e is the portion of utility unobserved by the researcher. Within any given choice set t, the probability that individual i chooses alternative l can be described as:
Recall that each individual faced 10 choice sets with 4 alternatives per choice set, including a no-purchase alternative. Therefore, the appropriate model would be analogous to a pseudo-panel data model in which the cross-sectional component is given by individual i and the time-series component is given by the t choice situations. It is possible in this type of data that correlation might exist among the choices submitted by the same individual. To account for within-cluster correlation, we examine the results in a random-parameters logit model which allows for preference heterogeneity and relaxes the assumption of independence of irrelevant alternatives [31] . Following Hole [32] , the utility obtained from consuming the food products in this study can be specified as:
(1)
where β p is the price parameter, α i represents a random parameter to be estimated for the purchase (versus no purchase) alternative-specific constant (assumed equal across all products), β 1i is a vector of random coefficients to be estimated that vary with density f (β 1 |θ), θ are the parameters of the distribution f such as the mean and standard deviation of the elements of β 1 , X 1ijt is the vector of non-price attributes of the alternative specified as having random coefficients, β 2 is a vector of fixed coefficients, and X 2ijt is the vector of non-price attributes of the alternative specified as having fixed coefficients. δ is normalized to 0, representing the utility of choosing none of the presented products. Our estimated models include two sets of interaction variables in X. First, we interacted the perishability levels (frozen for ice cream and frozen berries, semi-perishable for the juice and preserves, and perishable for the muffins) with dummies for the 'best-before' date label to allow for the effect of date labeling to vary by perishability category. Second, the purchase alternative-specific constant is interacted with individual-specific variables such as demographics, preferences for protecting or restoring the environment, risk preference, and whether the person frequently checks expiration dates in the store.
Other variables include dummy indicators for each product type (muffins, ice cream, etc.) and production method (certified organic berries). Given our focus on consumer value for expired products under different information treatments, we allow for preference heterogeneity for expired alternatives, for alternatives with no best-before date label, and for the 'purchase' constant, so their corresponding parameters are modeled as being random (with normal distributions). The exceptions are frozen or perishable foods that expired 9 days before the experiment, as too few participants chose these items in any choice set, thereby not yielding enough observations to model them as random. Also, our selected design focused on expired foods and did not include semi-perishables with no date label, so there is no corresponding parameter for that interaction. Since the log-likelihood function for the random-parameters logit model cannot be solved analytically, it is approximated using simulated maximum likelihood estimation [31] . We use 100 Halton draws and NLOGIT 6 to simulate the random parameters. Bhat [33] and Train [31] both found that standard errors tended to be lower when using around 100 Halton draws than when using a more typical number for pseudo-random draws, such as 1000 or 2000.
Post-Estimation Analysis
After estimating the parameters of the utility function, we conducted several post-estimation analyses. First, we estimate willingness-to-pay for each attribute, which, in our model, consists of all the interactions of product category and date label and of all the indicators for product type and organic production. For a given attribute parameter, β k , on attribute level X k , and price parameter, β p , willingness-to-pay for attribute level X k relative to the omitted base level of that attribute is equal to [34] :
Confidence intervals can then be calculated using the Krinsky and Robb procedure, in which n draws of each parameter are taken from the sampling distribution, willingness-to-pay is calculated for each draw, and, for 95% confidence intervals, the top and bottom 2.5% of simulated willingness-to-pay values are eliminated [35] . If β k is specified as a random parameter, however, an additional level of simulation is necessary. First, the previous procedure results in n paired values for the mean and standard deviation of its distribution (if β k is distributed normally). Second, m draws of the random parameter from each of these n distributions are taken in order to account for the randomness of the parameter. The confidence interval is then calculated over all of the nm draws [36, 37] .
Second, we examine individual-level willingness-to-pay values. The intuition is that the series of choices made by a respondent can be used to infer where within the overall (population) distribution of a random parameter a particular individual's parameter value lies [31] (chapter 11), [38] . Individual-level willingness-to-pay confidence intervals can then be estimated. There are different ways to calculate individual-level willingness-to-pay values and we use approach '4' in Train [31] (chapter 11), a key feature of which is that it accounts for both the random variation in the parameters and the sampling variation. Although the estimates of a random-parameters logit model can tell us whether there is unobserved preference heterogeneity, they do not directly quantify it. We use individual-level willingness-to-pay values and their confidence intervals to examine the percentage of the sample whose confidence interval lies entirely in the negative domain, entirely in the positive domain, or spans zero.
In our post-estimation analysis, we use 5000 pseudo-random draws from the sampling distribution (using the Krinsky and Robb procedure) and 200 Halton draws of each random parameter from each of the 5000 simulated distributions.
Results
Econometric Models
The estimation results of the random-parameters logit model for each treatment are shown in Table 4 . The omitted production method is traditional (non-organic), the omitted product type is muffins, and the omitted product category-date label interaction for each product category is the date label expiring seven days after the experiment was held. Towards the top of the table, the estimates of the random parameters are displayed. The standard deviations of the random parameters, which are specified as random normal, are shown towards the bottom of the table. Notably, several of the standard deviations are highly significant, yielding evidence of heterogeneity or variation in participants' preferences for expired date labels for the different product categories, regardless of treatment. The exception for all treatment groups is frozen foods that expired the day before the experiment, for which there is no evidence of preference heterogeneity. The discussion below of the results concerning random parameters is based on their mean values in the population (shown in the top of the table), but, because of the evidence of heterogeneity, one must be conscious of the fact that preferences for these corresponding variables vary significantly in the population. The examination of individual-level willingness-to-pay values in Section 3.2 sheds light on the nature of the heterogeneity.
In all treatments, the negative and significant price parameter indicates that a higher price causes people to be less likely to choose to purchase a product and the positive and significant organic parameter indicates a preference for organic over non-organic products, all else equal. The dummy for whether a given alternative is a purchased alternative (relative to the alternative to purchase nothing) is positive and significant. Were there no respondent-specific variables (gender, risk preferences, etc.) interacted with this dummy, this result by itself would indicate an inherent preference for purchasing a product (over purchasing no product), based on the mean parameter value. However, since the model includes interactions of the purchase dummy with respondent-specific variables, whether there is an inherent tendency to purchase a product or not will depend on the values assigned to the respondent-specific variables included.
The parameters on the interactions between perishability levels and date labels are all interpreted relative to the omitted base level of the product expiring in seven days. We find that individuals prefer unexpired over expired frozen, semi-perishable, and perishable foods in the control and LABELS treatments, as all parameters on expired products are negative and significant (indicating that the expired product is less preferred to the omitted base, a product that expires in 7 days). However, after receiving information on food dating and the environmental impacts of food waste, preferences change; individuals in the LABELS+ENV group do not prefer frozen foods due to expire in 7 days more than expired frozen foods, nor semi-perishable foods due to expire in 7 days more than semi-perishable foods that expired the day before. The lack of statistical significance on the parameters on expired frozen foods and 1-day expired semi-perishables indicates that individuals are indifferent between these and the omitted base.
Regarding unexpired food, we find, somewhat expectedly, that individuals in the Control and LABELS groups prefer semi-perishable foods due to expire further in the future (in 15 days) to semi-perishable foods due to expire nearer in the future (in 7 days), as the parameters on semi-perishables that expire in 15 days are positive and significant, and that individuals are indifferent between the two date labels for frozen foods. Individuals in the LABELS+ENV group prefer semi-perishable as well as frozen foods due to expire further in the future. ***, **, * Indicate statistical significance at the 1%, 5%, and 10% levels, respectively. Note: For each treatment and product category, the omitted base is the interaction with the label expiring in 7 days. 1 Variables were modeled as random parameters with a normal distribution.
Regarding unlabeled foods, our estimates suggest that individuals in the Control and LABELS groups prefer perishable or frozen foods due to expire in 7 days over unlabeled perishable or frozen foods. Individuals in the LABELS+ENV treatment also prefer unexpired perishable foods over unlabeled perishable foods; however, they do not prefer frozen foods due to expire in 7 days more than unlabeled frozen foods.
Several of the parameters on individual-specific variables are strongly significant in the control group, though their significance decreases with each subsequent information treatment. Female, more risk-loving, and lower-income participants are more likely to purchase a product (either expired, unexpired, or unlabeled) in the Control and LABELS treatments, all else being equal. Those who believe they take more measures to protect the environment than their friends or family are more likely to purchase a product in the control treatment, but not in either of the information treatments. Those who check expiration dates in store less often are also more likely to purchase a product in the control and LABELS+ENV treatments.
To examine the robustness of our results, we estimate the full model in Table 4 as a conditional logit model. These results are available as supplementary materials in Table S2 . The conditional logit versions of the full model are largely the same as the models in Table 4 as far as parameter direction and significance, and we observe the same changes in date labeling preferences in the LABELS+ENV group-respondents in the LABELS+ENV group do not prefer unexpired frozen foods (expires in 7 days) more than expired frozen foods (expired 1 day or 9 days), or unexpired semi-perishable foods (expires in 7 days) more than semi-perishable foods that expired the day before. Neither do they prefer unexpired over unlabeled frozen foods nor are they indifferent between frozen foods expiring in 7 or 15 days. The only different date labeling parameter is that on semi-perishables expiring 1 day before in the control treatment, which is significant in the random parameters model but not in the conditional logit model. Of course, the main disadvantage of the conditional logit is that it does not capture the existing heterogeneity in preferences, particularly for expired products. Table 5 displays willingness-to-pay values for the product attributes. The first three columns of each treatment display the mean willingness-to-pay values and their confidence interval bounds in U.S. dollars, accounting for the sampling distribution and the distributions of the random parameters. The fourth and fifth columns of each treatment depict information based on the individual-level willingness-to-pay estimates which give us more insight into the heterogeneity of preferences (recall that our discussion of results in Section 3.1 was based only on the means of the random parameters). In column 4, we display the percentage of respondents whose 95% confidence interval lies entirely in the positive domain, and in column 5 the percentage of respondents whose 95% confidence intervals lie entirely in the negative domain. In this way, we can, for example, examine the proportion of the sample who have a strictly positive or negative willingness-to-pay for a given attribute, even if the 95% confidence interval of the unconditional willingness-to-pay distribution spans zero.
Post-Estimation Analysis
In particular, we focus on the analysis of individual-level willingness-to-pay for food products that are expired (highlighted in the table) and, again, these values are interpreted relative to the omitted base of a product expiring in 7 days. One outcome that stands out is that there is clearly a discrete difference between willingness-to-pay for expired frozen products in the LABELS+ENV treatment compared with the LABELS and control treatments. Whereas in the latter two treatments, 100% of participants are not willing to pay as much for an expired frozen product as for an unexpired frozen product, in the former treatment 100% of the individual-level confidence intervals span zero, indicating no strong preference for an unexpired frozen product to an expired one in this group. When looking at mean willingness-to-pay values, it may appear that the price discounts for 1-day expired frozen foods (relative to unexpired frozen foods) are higher than the discounts for 9-days expired frozen foods. However, using the complete combinatorial approach of Poe, Giraud, and Loomis [39] to test for equivalency of simulated willingness-to-pay distributions, we find no statistical difference in willingness-to-pay between these two categories in any treatment.
For semi-perishable products, there appears to be an increase in the percentage of participants indifferent between a semi-perishable product that expired 9 days ago and one expiring in 7 days in the LABELS+ENV treatment (20%) compared to the other two treatments (4-5%), but there is an even more discernible increase across treatments when it comes to semi-perishable products that expired one day ago. While 73% of participants are willing to pay less for the 1-day expired semi-perishable product in the control treatment, this percentage falls to 57% in the LABELS treatment and to 22% in the LABELS+ENV treatment. It is also worth noting that although the coefficients on 1-day expired semi-perishables are negative and significant for both control and LABELS treatments in Table 4 , individual-level willingness-to-pay estimates reveal that more people are indifferent between unexpired semi-perishables and semi-perishables that expired the day before in the LABELS treatment (43%) than in the control treatment (27%). For perishable products, there is no difference across treatments for willingness-to-pay for a product that expired 9 days ago compared to one expiring in 7 days (100% of participants in all treatments are not willing to pay as much for the expired product). However, for a perishable that expired 1 day ago, the percentage who are not willing to pay as much for it as for an unexpired product falls from 80% in the control and LABELS treatments to 70% in the LABELS+ENV treatment. In other words, participants in LABELS+ENV are more likely to prefer perishables that expired the day before over unexpired perishables or to be indifferent between the two (30%) than participants in either the control or LABELS treatment (20%). This examination of individual-level willingness-to-pay corroborates our conclusion in the previous section that participants in the LABELS+ENV treatment are indifferent between expired and unexpired frozen products. It also illustrates additional nuances on the heterogeneity of preferences across treatments for expired semi-perishable and perishable products that were not evident before.
Discussion and Conclusions
Consumers may have limited or incorrect information when buying food [40] and may throw away edible food due to confusion on the meaning of date labels [7, [13] [14] [15] [16] [17] . We use an incentive-compatible non-hypothetical choice experiment to study if and how information about food date labels and the links between date label misperceptions, food waste, and its environmental impacts affects consumer choices for food products of varying perishability and at varying dates before or beyond their best-before date (i.e., expired products).
In summary, we find that information on food dating alone was not enough to affect the value of food products beyond their best-before date. In the control treatment and the LABELS treatment in which participants received education only on the interpretation of food date labels, participants prefer unexpired food to expired food, regardless of perishability. On the other hand, after receiving additional information on food dating, and the environmental impacts of food waste in the LABELS+ENV treatment, their preferences change. The most noticeable increases in consumer value for expired products occurred for expired (1 or 9 days ago) frozen or recently expired (1 day ago) semi-perishable products. Participants in this treatment are indifferent between expired and unexpired frozen products and mostly indifferent (78%) between unexpired semi-perishables and semi-perishables that expired the day before. We also find that preferences for expired food products were generally heterogeneous. A closer look at individual-level willingness-to-pay values (a) corroborated our conclusions regarding expired frozen foods and recently expired semi-perishables, and (b) quantified additional nuances on the heterogeneity of preferences across treatments for expired semi-perishable and perishable products. Though our focus is on expired food products, we also observe changes in consumer preferences for unlabeled and unexpired frozen foods in the LABELS+ENV treatment. While we know of no other studies estimating willingness-to-pay for expired food products, some of our more general findings are consistent with existing studies. Whereas Wilson et al. [11] focus primarily on the effects of different types of expiration labels, they, like we do, also find that results differ depending upon the perishability of the food items. In addition, as we do, Qi and Roe [25] also find that providing information about environmental impacts of food waste can induce food waste reduction behaviors, although their information pertained to food waste ending up in landfills as opposed to the more general information on the environmental impacts of food waste our participants received.
Our results show evidence of an information gap about the link between date label confusion, food waste, and its environmental impacts, which if addressed by policy-makers and/or profit-conscious food sellers, shows promise for raising the value to consumers of expired food products depending on their perishability. At home, if consumers are indifferent when choosing between unexpired and expired food items, they may be more likely to consume an item past its best-before date rather than throwing it away and buying a new unexpired one. In stores, if consumers are indifferent when choosing between unexpired and expired food items (likely at discounted prices as we assumed in our experiment), retailers may be more likely to leave food items past their best-before dates on the shelves rather than disposing of them (if allowed by law). We also find that the most perceptible changes in consumer behavior prompted by the environmental information are related to frozen foods. This may be because the prospect of consuming expired frozen foods might not be perceived as risky from a food safety or food quality standpoint as that of consuming expired perishables or semi-perishables. Other studies have found that some individuals who freeze food products consider this technique as a good guarantee for food preservation and thus not take the shelf life date into account anymore [13] .
Moreover, the lack of significance of the information in the LABELS treatment indicates that if industry and policy-makers wish to reduce food waste, insofar as it results from expired food products having to be discarded rather than sold, consumers need to be given a reason to do so, say, through public consumer awareness campaigns or marketing, that goes beyond clarification of food date labels. Date label education and standardization is the current focus of recent proposals by policy-makers and grocery trade groups in Europe and the United States [41] . Two ongoing efforts in the United States are the introduction of the Food Date Labeling Act of 2016 [18] and the promotion of voluntary standard date labeling regulations for industry by the Food Marketing Institute and the Grocery Manufacturers Association. In Europe, the European Platform on Food Losses and Waste recently established a sub-group tasked with working exclusively on date labeling. Though ReFED [17] recognizes both consumer education and standardized date labeling as the most cost-effective solutions to reduce consumer confusion and related food waste, our results show that even if consumers understand food date labeling, their preferences across unexpired and expired foods may remain largely unchanged.
Limitations and Future Research
One caveat when interpreting the results of our study is that we do not directly measure food waste as part of the study. Rather, the assertions about these information interventions reducing food waste are valid only if our underlying assumption (which is supported by the literature, however) that consumable but expired food is generally discarded by both food sellers and consumers is correct. Furthermore, while we examine how the information interventions affect preferences and willingness-to-pay, we do not directly link those preference changes to changes in waste behavior. Instead, we have demonstrated conditions under which consumer value for certain expired (but still consumable) food products increases, which increases the opportunity cost both to food sellers of not selling expired food and to consumers of discarding expired foods in the home. Ultimately, the effect on actual food waste will be borne out in what types of informational interventions policy-makers and food sellers actually make, and the prices charged for expired products. A second caveat pertains to how our sample might differ from the target population. Our sample has a higher proportion of younger participants, who tend to waste more food, than the state and national populations, and it has a greater proportion of females and lower-income participants who tend to waste less food [42] . We cannot tell from our study alone whether these deviations of the sample from the target population would affect the marginal effects of expiration dates or of the information treatments; our interest, however, is in behavioral changes among primary grocery shoppers, who have been reported to be mostly female [29] , and so our sample may be more representative of this population than the state or national populations are.
Given that a gain in control in laboratory experiments is typically traded off with diminished context [43] , future studies might examine other settings, products, and populations to increase the ecological validity (i.e., the robustness of these results in different choice contexts, including actual food market purchases) of our findings. Future studies might also examine the long-term sustainability of an environmental stimulus and other reasons that may induce consumers to reduce food waste. For example, cost-conscious consumers may be motivated to reduce food waste if they could clearly be shown the typical effect of food waste on the average consumer's food expenditures over a lifetime, or if food waste were linked to difficulties in distributing food to the hungry or poor.
